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The surgical treatment of lung cancer is focused on accurate
diagnosis and staging as well as definitive surgical treatment.
Whereas small cell lung cancer is rarely treated by surgery,
early stage patients with non–small cell lung cancer (NSCLC)
are typically taken to surgery for resection for cure. Unfortu-
nately, most NSCLC patients at the time of diagnosis have
disease that has advanced beyond the point where local
treatment such as surgical resection alone can provide cure,
and these patients are treated in a multidisciplinary fashion.
Recent advances in surgery for NSCLC have centered on less

invasive approaches, in an effort to minimize the pain and
complications common to these procedures.

Surgery for Early Stage NSCLC (Stage I and II)

Early stage NSCLC, defined as stage I and stage II, is usually
treated with surgery as an initial modality. The current
staging guidelines by the American Joint Committee on
Cancer (AJCC) 7th edition TMN system define these as tumors
up to 7 cm in size without mediastinal lymph node involve-
ment, although ipsilateral hilar nodal disease is included.
Tumor >7 cm are only considered to be stage II if there is no
evidence of any lymph node disease.1 A preoperative diagno-
sis of a suspicious pulmonary nodule is not required prior to
definitive resection. There are two key aspects to surgery for
early stage NSCLC: resection of the primary tumor and
evaluation of draining lymph node basins in the ipsilateral
hilum and mediastinum.

Systematic Mediastinal Lymph Node
Evaluation

Evaluation of the draining lymph node basins provides infor-
mation vital to the staging of lung cancer, and it is an integral
part of surgery for NSCLC. Recent trials advocating the use of
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Abstract Surgery serves an important role in the diagnosis, staging, and definitive management
of non–small cell lung cancer (NSCLC). Resection is the primary mode of treatment for
stage I and II NSCLC and an important component of the multimodality approach to
stage IIIA disease. Standard resections include removal of the lobe involved with tumor
and systematic evaluation of ipsilateral hilar and mediastinal lymph nodes. For early
stage disease the evolving surgical treatment goals are aimed at decreasing morbidity
and mortality through less invasive approaches including video-assisted thoracoscopic
surgery and robotic approaches, and potentially decreasing the volume of lung
removed for select patients with well-staged small peripheral tumors. For patients
with locally advanced disease, ongoing research is focused on appropriately identifying
patients who will most benefit from the addition of surgery to a multimodality regime
and safely integrating resection with chemotherapy and radiotherapy.
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adjuvant chemotherapy to improve survival following com-
plete resection of stage II and III NSCLC2–4 has brought added
importance to the hilar and mediastinal lymph node evalua-
tion at surgery. Hilar and mediastinal lymph nodes are
assigned stations as defined by the AJCC 7th staging edition
for lung cancer, and they are essentially unchanged from the
previous staging system.

Preoperative Lymph Node Evaluation
Cervical mediastinoscopy and anterior mediastinotomy
(Chamberlain procedure) are procedures used to evaluate
mediastinal (N2) lymph nodes for cancer involvement. As
such, these procedures are frequently performed prior to
definitive resection to help delineate which patients are early
stage (stage I or II) from those with locally advanced disease
(stage III). Both procedures require general anesthesia and
can be performed either as a stand-alone operation, or in the
setting of adequate pathology services, they may be used in
the same sitting as a definitive resection.

Endoscopic techniques for transbronchial mediastinal
lymph node sampling have emerged over the past decade.
Blinded transbronchial techniques that are guided by comput-
ed tomographyfindingsweredescribed byWang et al,5 but the
integration of live-action guidance with endobronchial ultra-
sound (EBUS) has increased diagnostic yield.6–8 Although
mediastinoscopy remains the gold standard for preresection
mediastinal lymph node evaluation, EBUS has several advan-
tages: (1) It is less invasive; (2) does not require general
anesthesia; (3) can reach station 10 nodes in the hilum (which
are typically not accessible at mediastinoscopy); and (4) does
not produce mediastinal scarring, which facilitates repeat
evaluation following chemotherapy and or radiotherapy.

The decision as to which patients require preoperative
pathologic evaluation of mediastinal lymph nodes is individ-
ualized and typically based on the radiologic appearance of
both the lymph nodes and the primary tumor. Mediastinal
lymph nodes >1 cm in short axis or positive on fluorodeox-
yglucose positron emission tomography (PET) are strongly
recommended for biopsy. Other common indications for
preoperative pathologic mediastinal lymph node evaluation
include large tumors, central tumors, those with PET avidity
in the ipsilateral hilum, or bilateral synchronous primary
tumors.

Intraoperative Lymph Node Evaluation
During the definitive resection of a lung cancer, additional
lymphnode tissue is removed to assist in the cancer staging. All
inter- and intralobar lymph nodes (stations 10 to 14) encoun-
tered during the hilar and fissural dissection are removed and
sent for pathologic evaluation. A systematic evaluation of
mediastinal lymph nodes is recommended and can be per-
formed as a systematic sampling, where lymph nodes are
biopsied at each of the ipsilateral mediastinal station (stations
2R, 4R, 7 and9Ron the right and levels 5, 6, 7 and9L on the left),
or by formal mediastinal lymphadenectomy where all associ-
ated nodes and soft tissue between anatomical landmarks are
removed.

Some controversy has existed in the past regarding which
of these approaches is most appropriate for patients under-
going lobectomy for cancer and if there is any survival or
disease-free survival benefit for the more aggressive removal
of lymphatic tissue. A recent randomized trial from the
American College of Surgeons Oncology Group (ACOSOG
Z0030) specifically addressed lymph node dissection versus
sampling in >1000 early stage NSCLC patients undergoing
resection; results failed to identify morbidity or survival
differences between the two approaches.9 However, the
authors cautioned that the results did not apply to higher
stage tumors that would be more prone to metastasize.

Lobectomy

Open Lobectomy
Results after anatomical lobectomy for early stage NSCLC are
good. In the large ACOSOGZ0030 trial, disease-free survival at
5 years was 68% for resected early stage patients.9 The
completeness of resection, stage, and lymph node involve-
ment are the primary predictors of survival after resection.
Lung resections do carry significant risk, and up to 37% of
patients may experience some form of postoperative compli-
cation.10 The most common of these are minor and include
atrial arrhythmia and prolonged air leak, but more serious
complications including respiratory failure can occur and
increase in frequency with decreased baseline pulmonary
function (►Table 1). The operative mortality following lobec-
tomy is reported to be 1 to 3%,10,11 with pneumonia and
respiratory failure as the overwhelming causative factors.

Video-Assisted Thoracoscopic Surgery Lobectomy
Video-assisted thoracoscopic surgery (VATS), like thoracoto-
my, is a surgical approach as opposed to a unique therapeutic
intervention. The VATS approach to lobectomy for NSCLC
typically involves two to four port sites and a 5- to 8-cm
access incision. VATS is typically differentiated from a mini-
thoracotomy by the lack of rib spreading and complete
thoracoscopic visualization as opposed to visualizing the
procedure directly through the incisions.12 The rigid nature
of the thoracic cavity is particularly well suited to scope-
based surgical approaches as long as a pneumothorax can be
maintained. The initial thoracoscopic procedures were re-
ported in the early 20th century,13 but widespread use of the
VATS technique did not occur until the 1980s with improve-
ment in video technology and the introduction of double-
lumen endotracheal tubes to facilitate single lung ventilation.
The first VATS lobectomy reports emerged in the 1990s,
documenting safety and outlining technical aspects of the
approach.14–17 In the past decade, numerous large series have
reported recurrence and survival data that are equivalent to
open lobectomy.18–21 VATS lobectomy is the same oncologic
operation as the open approach, with removal of the pulmo-
nary lobe containing the tumor with individual ligation of
each of the bronchovascular structures and removal of hilar
and mediastinal lymph nodes. Most large series of lobectomy
by VATS describe a similar pattern of perioperative compli-
cations as the open approach but at reduced rates18,19,22
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(►Table 2). Although earlier recovery,23,24 better quality of
life,23,24 increased delivery of adjuvant therapy,25 and less
impact on pulmonary function tests26 and the immune
system have been reported,17 decreased pain and reduced
length of stay appear to be the twomost consistently reported
advantages of VATS over open resections. It is currently
estimated that <35% of lobectomies for NSCLC in the United
States are performed by VATS,12 but this number is increasing
steadily. The inability to maintain single lung ventilation and
dense pleural symphysis are the only definitive contraindi-
cation to VATS resections. Factors such as dense mediastinal
scarring, central tumors, and tumors larger than the access
incision are relative contraindications.

Robotic Lobectomy
Recent advances in robotic technology have benefited thoracic
surgery. The advantages imparted by robotic technology for
anatomical thoracic resections mirrors those of the VATS
approach, namely smaller non-rib-spreading incisions result-
ing in less operative trauma for the patient. The theoretical
benefits of robotic resections over a VATS approach include
decreased pain at port sites, binocular visualization that allows
for more precise dissection, and no requirement for an access
incision. Additionally, given the totally portal nature of the
procedure, carbon dioxide insufflation of the hemithorax can
be used to further collapse the lung providing a larger working
area. Finally, the advantage of using instruments that are
jointed with increased range of motion (degrees of freedom)
within the chest increases the ease of dissection.

The current approach for a robotic lobectomy consists of
similar lateral decubitus positioning as the open or VATS
approach. There are three or four access ports for the robot
and one assistant port for stapling and retracting. The hilar and
fissural dissection is similar to that of VATS and open ap-
proaches, although it takes places with a magnified three-
dimensional view and precise movements afforded by the
robotic equipment. Thebronchovascular structures are dissect-
ed and individually divided with staplers, as with other ap-
proaches. One unique issue to the robot is that after the entire
operation is conductedwith small port incisions, the assistant’s
port frequently needs to be widened to permit egress of the
specimen from the chest. Initial series of patients undergoing
robotic lobectomy for NSCLC demonstrate safety, feasibility,
and similar morbidity andmortality rates comparedwith open
or VATS approaches.27–29 However, the final determination on
whether or not a given technique is feasible is the oncologic
outcome. Although large longitudinal studies addressing long-
term oncologic outcomes are needed, initial reports shows
comparable stage-specific survival rates between the VATS and
robotic approaches.30,31 Cost comparisons between the robotic
and VATS approaches is difficult due to the larger upfront cost
of a robotic system; however, both approaches appear to have
anoverall cost benefit comparedwithopen thoracotomydue to
the significant decrease in length of hospital stay.32

Sublobar Resection

Lobectomy is the current standard care for lung cancer
resections.33 Sublobar resections refer to resections thatTa
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remove less than an entire pulmonary lobe. These can be
either anatomical segmentectomies or nonanatomical wedge
resections. Early experience with sublobar resection for
stage I NSCLC revealed comparable morbidity, reduced
mortality,34,35 and preserved pulmonary function compared
with lobectomy.36,37 Therefore, these procedures have always
been offered as a compromise procedure for patients whose
significant comorbidities or limited pulmonary function
makes them unsuitable for lobectomy.

In 1995, the Lung Cancer Study Group (LCSG) reported the
only prospective randomized study of lobectomy and limited
pulmonary resections to delineate the impact of extent of
resection on locoregional and distant recurrence rates for
early stage disease. There was no significant difference in
perioperative morbidity or mortality. However, there was a
significant inverse correlation between extent of resection
and locoregional recurrence (0.022 for lobectomy, 0.44 for
segmentectomy, and 0.86 for wedge, reported in recurrence
per year per person).33 This trial established lobectomy as the
gold standard for NSCLC resections. Recently, interest has
arisen for sublobar resections as definitive treatment for
small peripheral cancers. The impetus for this has been driven
primarily by improvements in chest imaging that have re-
sulted in increased detection of smaller, early stage, andmore
indolent lung cancers.

Because sublobar resections carry an increased risk for
local recurrence compared with lobectomy, increased at-
tention is placed on maintaining an adequate distance
between the tumor and the resection margin. The concept
is based on the need to clear local microscopic tumor
extension. In a pathologic analysis of 70 NSCLC resection
specimens, the degree of microscopic tumor extension
varied by tumor histology, but 95% of observed microscopic
tumor extension could be accounted for by a 6-mm margin
in squamous cell carcinoma and an 8-mm margin in adeno-
carcinoma.38 Ginsberg and Rubenstein, on behalf of the
LCSG, recommended a 2-cm margin or a margin equivalent
to the diameter of the tumor.33 In a series of 87 patients
undergoing sublobar resection for stage I NSCLC, El-Sherif
and associates noted that tumor margins �1 cm were
associated with a significantly lower recurrence rate when
compared with margins <1 cm (8% versus 19%).39 Sawabata
and colleagues suggested margin distance greater than the
maximum diameter of the tumor to minimize local recur-
rence risk.40 Additional studies have demonstrated that a
margin-to-tumor ratio <1 is associated with a significant

increase in recurrence rates compared with ratios�1 (25.0%
versus 6.2%).41

Segmentectomy
Segmentectomy is a technique that begins with a hilar
dissection much like a formal lobectomy. The pulmonary
artery branch to the segment of interest is dissected and
individually ligated, as well as the bronchus to that segment.
Once the bronchovascular hilar structures are divided, the
anesthesiologist briefly inflates the lung and because the
bronchus to the segment is transected, a line for pulmonary
parenchymal transection is seen. The remainder of the pro-
cedure, including a systematic mediastinal lymph node sam-
pling, continues as with lobectomy. Numerous single
institution studies over the past decade have found no
difference in survival or recurrence rates using anatomical
segmentectomy compared with lobectomy41–46 (►Table 3).
Most of these studies were limited to tumors <3 cm in
diameter.47 and those with larger tumors report 50% higher
local recurrence rate in stage IB tumors as compared with IA,
highlighting the impact of tumor size on local recurrence.48

Wedge Resection
Wedge resections are nonanatomical resections that are
typically performed by firing staplers across pulmonary
parenchyma, and as such, many feel that they fall short of
the accepted standard of care regarding surgical treatment of
NSCLC. However, in selected patients, it may be the only
surgical option. These include patients with significant co-
morbidities, those with small peripheral tumors that do not
fall within segmental boundaries, and patient with meta-
chronous primary NSCLCs facing multiple resections. When a
nonanatomical wedge resection is used, the achievement of
wide and negative pathologic margins is essential, and lymph
node dissection should proceed as would be done with a
more formal resection. Equally important, discussions preop-
eratively with the patient should focus on the limitations and
increased risk of recurrence of the tumor with a lesser
resection.

Surgery for Locally Advanced NSCLC (Stage
IIIA)

Stage III lung cancer comprises a wide spectrum of locally
advanced tumors.1 Stage IIIB disease, which is typically
defined by N3 disease (supraclavicular and contralateral

Table 2 Reported morbidity and mortality for VATS (video-assisted thorascopic) lobectomy

Study N Mortality (%) Overall morbidity (%)

Yim et al61 214 0.5 22.0

Kaseda et al62 204 0.8 2.3

Roviaro et al63 171 0.6 8.7

McKenna et al18 1000 0.8 15.0

Onaitis et al19 500 1.0 15.0

Swanson et al21 180 0.6 21
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mediastinal or hilar lymph nodes), is not typically treated
surgically. Stage IIIA disease presents in a very heterogeneous
class of patients who are treated with a multimodality
approach. The use of surgery in these treatment regimens
is not universally accepted and should be evaluated on a case-
by-case basis. A pretreatment tissue diagnosis is essential in
this population because surgery is rarely the first mode of
treatment. Ideally the tissue for diagnosis is obtained at a site
that can also provide staging and therefore is generally
focused on the mediastinal lymph nodes.

An important aspect of surgery for this stage is its safe
integration with other therapies. Patients with stage IIIA
NSCLC who can be considered for resection fall into three
distinct classes: those with T3N1 tumors, those with T4
tumors without N2 involvement which are technically re-
sectable, and those with nonbulky N2 disease and tumors up
to T3. These patients require an individual assessment of
resectability, and it should be emphasized that the interven-
tions offered to these patients must be carefully tailored to
the specific presentation of the patient.

T3N1 Disease
T3N1 disease refers to tumors that invade structures that can
be routinely resected: chest wall, diaphragm, parietal pleura,
and pericardium with hilar but no mediastinal lymph node
involvement. Tumors within 2 cm of the carina are also
included in this designation. These tumors are treated with
surgery as an initial modality, and the goal is for an en bloc R0
resection, with incomplete resections carrying a much worse
prognosis. Postoperatively, chemotherapy is recommended
to reduce the risk of distant recurrence. Overall survival is
acceptable and may be as high as 50% in some patients.49

Postoperative radiation is reserved for patients in whom
there is concern regarding the completeness of resection.

T4 Disease
T4 lesions are thosewith satellite lesions in a separate lobe and
those that invade vital mediastinal structures, heart, great
vessels, esophagus, carina, trachea, or vertebral body. When
accompanied by N0 or N1 disease, these tumors are classified
as stage IIIA, and if invasion is isolated to an individual
structure they may be considered for surgery as the definitive
treatment. The overall approach to these patients is an R0
resection in a manner that is technically feasible and safe.
Tumors with invasion of the vertebral body require preopera-
tive magnetic resonance imaging to evaluate for proximity to
the spinal canal and nerve roots and frequently require
orthopedic stabilization following resection.50 Resections in-
volving the trachea or carina have been describedwith accept-
able outcomes in experienced hands.51 Resection of T4 tumors
invading the heart or great vessels has been described in
smaller series, with up to 30 to 40% survival rates.52 However,
these operations frequently require cardiopulmonary bypass
and should not be undertakenwhen complete resection is not
possible.53 Resections for T4 tumors almost always represent
complex operations with increased risk for morbidity and
mortality, and they should not be undertaken if there is
evidence of mediastinal lymph node involvement.Ta
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Mediastinal Lymph Node Disease (N2)
Patients with N2 disease represent the largest subset of IIIA
disease, and they have pathologically confirmed metastatic
disease to the ipsilateral mediastinal nodes and/or subcarinal
lymph nodes. These patients do very poorly with surgery as a
sole treatment modality, with early studies showing 5-year
survival rates <10% in patients with clinically apparent N2
disease.54 This illustrates the concept of so-called bulky
mediastinal disease, which carries a worse prognosis com-
pared with metastatic disease that is not radiographically
apparent prior to surgery.

Given the poor prognosis of N2 disease treated with
surgery alone, therapeutic strategies have evolved to
include multimodality approaches to this difficult patient
group. A large 2008 meta-analysis showed significant
benefit to postoperative chemotherapy in this popula-
tion.4 However, there was a 66% incidence of grade 3 or
4 adverse events, and 33% of the patients were not able to
complete the adjuvant therapy. This called into question
whether chemotherapy was more appropriate as neoad-
juvant versus adjuvant therapy. The Southwest Oncology
Group study (SWOG 8805) examined the impact of neo-
adjuvant chemoradiation and showed a 26% 3-year sur-
vival rate, and noted that survival was strongly correlated
with completeness of resection.55 More recent studies of
trimodality therapy have shown encouraging 5-year sur-
vival rates of up to 50%.56 In the recent intergroup trial
0139, which compared a trimodality treatment to defini-
tive chemoradiotherapy for patients with IIIA disease,
survival in the trimodality arm was diminished by high
perioperative mortality among patients undergoing
pneumonectomies and complex resections.57 Lobectomy
was better tolerated in this trial and associated with 5-
year survival rates >40%, highlighting the potential bene-
fit of this approach with careful patient selection and
meticulous surgical technique. Several guiding principles
appear to be consistent regarding the use of multimodal-
ity therapy for stage IIIA NSCLC: (1) neoadjuvant clearance
of mediastinal disease confers a strong survival benefit,
(2) patients who present with bulky mediastinal disease
have a worse prognosis and may be more appropriate for
definitive chemoradiotherapy for treatment, and (3) an R0
resection should be the absolute goal for any patient taken
to surgery.

Conclusion

The surgical treatment for NSCLC is an ever-evolving field
focused on treating a cancer that continues to carry high
mortality. Multidisciplinary input is crucial in these patients
who can frequently have significant medical comorbidities
and complicated disease presentations and courses. Ongoing
surgical research focuses on minimally invasive techniques
that do not sacrifice oncologic efficacy and safe integration of
surgery with other treatments. In spite of the efforts directed
at the treatment of NSCLC, it still remains the largest cause of
cancer-related deaths.

References
1 Rami-Porta R, Crowley JJ, Goldstraw P. The revised TMN staging

system for lung cancer. Ann Thor and Cardiovasc Surgery 2009;
15:4–9

2 Winton T, Livingston R, Johnson D, et al; National Cancer Institute
of Canada Clinical Trials Group; National Cancer Institute of the
United States Intergroup JBR.10 Trial Investigators. Vinorelbine
plus cisplatin vs. observation in resected non-small-cell lung
cancer. N Engl J Med 2005;352(25):2589–2597

3 Douillard JY, Rosell R, De Lena M, et al. Adjuvant vinorelbine plus
cisplatin versus observation in patients with completely resected
stage IB-IIIA non-small-cell lung cancer (Adjuvant Navelbine In-
ternational Trialist Association [ANITA]): a randomised controlled
trial. Lancet Oncol 2006;7(9):719–727

4 Pignon JP, Tribodet H, Scagliotti GV, et al. Lung adjuvant
cisplatin evaluation: a pooled analysis by the LACE Collabora-
tive Group. American Society of Clinical Oncology 2008;
26(21):3552–3559

5 Wang KP, Brower R, Haponik EF, Siegelman S. Flexible transbron-
chial needle aspiration for staging of bronchogenic carcinoma.
Chest 1983;84(5):571–576

6 Herth F, Becker HD, Ernst A. Conventional vs endobronchial
ultrasound-guided transbronchial needle aspiration: a random-
ized trial. Chest 2004;125(1):322–325

7 Kokkonouzis I, Strimpakos AS, Lampaditis I, Tsimpoukis S, Syrigos
KN. The role of endobronchial ultrasound in lung cancer diagnosis
and staging: a comprehensive review. Clin Lung Cancer 2012;13(6):
408–415

8 Tremblay A, Stather DR, Maceachern P, Khalil M, Field SK. A
randomized controlled trial of standard vs endobronchial ultraso-
nography-guided transbronchial needle aspiration in patients
with suspected sarcoidosis. Chest 2009;136(2):340–346

9 Darling GE, Allen MS, Decker PA, et al. Randomized trial of
mediastinal lymph node sampling versus complete lymphadenec-
tomy during pulmonary resection in the patient with N0 or N1
(less than hilar) non-small cell carcinoma: results of the American
College of Surgery Oncology Group Z0030 trial. J Thorac Cardio-
vasc Surg 2011;141(3):662–670

10 AllenMS, Darling GE, Pechet TT, et al; ACOSOG Z0030 Study Group.
Morbidity and mortality of major pulmonary resections in pa-
tients with early-stage lung cancer: initial results of the random-
ized, prospective ACOSOG Z0030 trial. Ann Thorac Surg 2006;81
(3):1013–1019; discussion 1019–1020

11 Ginsberg RJ, Hill LD, Eagan RT, et al. Modern thirty-day operative
mortality for surgical resections in lung cancer. J Thorac Cardiovasc
Surg 1983;86(5):654–658

12 Rocco G, Internullo E, Cassivi SD, Van Raemdonck D, Ferguson MK.
The variability of practice in minimally invasive thoracic surgery
for pulmonary resections. Thorac Surg Clin 2008;18(3):235–247

13 Jacobaeus H. Ueber die Zystotskopie bei Untersuchung seroser
hohlungen Anzuqwnden. Munch Med Wochenschr 1910;57:
2090–22092

14 Kirby TJ, Mack MJ, Landreneau RJ, Rice TW. Initial experience with
video-assisted thoracoscopic lobectomy. AnnThorac Surg 1993;56
(6):1248–1252; discussion 1252–1253

15 KohnoT, Murakami T, Wakabayashi A. Anatomic lobectomy of the
lung by means of thoracoscopy. An experimental study. J Thorac
Cardiovasc Surg 1993;105(4):729–731

16 Landreneau RJ, Hazelrigg SR, Mack MJ, et al. Postoperative pain-
related morbidity: video-assisted thoracic surgery versus thora-
cotomy. Ann Thorac Surg 1993;56(6):1285–1289

17 Walker WS, Carnochan FM, Pugh GC. Thoracoscopic pulmonary
lobectomy. Early operative experience and preliminary clinical
results. J Thorac Cardiovasc Surg 1993;106(6):1111–1117

18 McKenna RJ Jr, HouckW, Fuller CB. Video-assisted thoracic surgery
lobectomy: experience with 1,100 cases. Ann Thorac Surg 2006;
81(2):421–425; discussion 425–426

Seminars in Interventional Radiology Vol. 30 No. 2/2013

Surgical Management of Lung Cancer Lackey, Donington138

T
hi

s 
do

cu
m

en
t w

as
 d

ow
nl

oa
de

d 
fo

r 
pe

rs
on

al
 u

se
 o

nl
y.

 U
na

ut
ho

riz
ed

 d
is

tr
ib

ut
io

n 
is

 s
tr

ic
tly

 p
ro

hi
bi

te
d.



19 Onaitis MW, Petersen RP, Balderson SS, et al. Thoracoscopic
lobectomy is a safe and versatile procedure: experience with
500 consecutive patients. Ann Surg 2006;244(3):420–425

20 Shaw JP, Dembitzer FR, Wisnivesky JP, et al. Video-assisted thor-
acoscopic lobectomy: state of the art and future directions. Ann
Thorac Surg 2008;85(2):S705–S709

21 Swanson SJ, Herndon JE II, D’Amico TA, et al. Video-assisted
thoracic surgery lobectomy: report of CALGB 39802—a prospec-
tive, multi-institution feasibility study. J Clin Oncol 2007;25
(31):4993–4997

22 Ali MK, Mountain CF, Ewer MS, Johnston D, Haynie TP. Predicting
loss of pulmonary function after pulmonary resection for bron-
chogenic carcinoma. Chest 1980;77(3):337–342

23 Demmy TL, Curtis JJ. Minimally invasive lobectomy directed
toward frail and high-risk patients: a case-control study. Ann
Thorac Surg 1999;68(1):194–200

24 Sugiura H, Morikawa T, Kaji M, Sasamura Y, Kondo S, Katoh H.
Long-term benefits for the quality of life after video-assisted
thoracoscopic lobectomy in patients with lung cancer. Surg Lap-
arosc Endosc Percutan Tech 1999;9(6):403–408

25 Petersen RP, Pham D, BurfeindWR, et al. Thoracoscopic lobectomy
facilitates the delivery of chemotherapy after resection for lung
cancer. Ann Thorac Surg 2007;83(4):1245–1249; discussion 1250

26 Nakata M, Saeki H, Yokoyama N, Kurita A, TakiyamaW, Takashima
S. Pulmonary function after lobectomy: video-assisted thoracic
surgery versus thoracotomy. Ann Thorac Surg 2000;70(3):
938–941

27 Dylewski MR, Ohaeto AC, Pereira JF. Pulmonary resection using a
total endoscopic robotic video-assisted approach. Semin Thorac
Cardiovasc Surg 2011;23(1):36–42

28 Gharagozloo F, Margolis M, Tempesta B. Robot-assisted thoraco-
scopic lobectomy for early-stage lung cancer. Ann Thorac Surg
2008;85(6):1880–1885; discussion 1885–1886

29 Cerfolio RJ, Bryant AS, Skylizard L, Minnich DJ. Initial consecutive
experience of completely portal robotic pulmonary resectionwith
4 arms. J Thorac Cardiovasc Surg 2011;142(4):740–746

30 Giulianotti PC, Buchs NC, Caravaglios G, Bianco FM. Robot-assisted
lung resection: outcomes and technical details. Interact Cardiovasc
Thorac Surg 2010;11(4):388–392

31 Park BJ, Melfi F, Mussi A, et al. Robotic lobectomy for non-small cell
lung cancer (NSCLC): long-term oncologic results. J Thorac Car-
diovasc Surg 2012;143(2):383–389

32 Park BJ, Flores RM. Cost comparison of robotic, video-assisted
thoracic surgery and thoracotomy approaches to pulmonary
lobectomy. Thorac Surg Clin 2008;18(3):297–300, vii

33 Ginsberg RJ, Rubinstein LV; Lung Cancer Study Group. Randomized
trial of lobectomy versus limited resection for T1 N0 non-small cell
lung cancer. Ann Thorac Surg 1995;60(3):615–622; discussion
622–623

34 Jensik RJ, Faber LP, Milloy FJ, Monson DO. Segmental resection for
lung cancer. A fifteen-year experience. J Thorac Cardiovasc Surg
1973;66(4):563–572

35 Ginsberg RJ, Hill LD, Eagan RT, et al. Modern thirty-day operative
mortality for surgical resections in lung cancer. J Thorac Cardiovasc
Surg 1983;86(5):654–658

36 Keenan RJ, Landreneau RJ, Maley RH Jr, et al. Segmental resection
spares pulmonary function in patients with stage I lung cancer.
Ann Thorac Surg 2004;78(1):228–233; discussion 228–233

37 Harada H, Okada M, Sakamoto T, Matsuoka H, Tsubota N. Func-
tional advantage after radical segmentectomy versus lobectomy
for lung cancer. Ann Thorac Surg 2005;80(6):2041–2045

38 Giraud P, Antoine M, Larrouy A, et al. Evaluation of microscopic
tumor extension in non-small-cell lung cancer for three-dimen-
sional conformal radiotherapy planning. Int J Radiat Oncol Biol
Phys 2000;48(4):1015–1024

39 El-Sherif A, Fernando HC, Santos R, et al. Margin and local recur-
rence after sublobar resection of non-small cell lung cancer. Ann
Surg Oncol 2007;14(8):2400–2405

40 Sawabata N, Ohta M, Matsumura A, et al; Thoracic Surgery
Study Group of Osaka University. Optimal distance of malignant
negative margin in excision of nonsmall cell lung cancer: a
multicenter prospective study. Ann Thorac Surg 2004;77(2):
415–420

41 Kilic A, Schuchert MJ, Pettiford BL, et al. Anatomic segmentectomy
for stage I non-small cell lung cancer in the elderly. Ann Thorac
Surg 2009;87(6):1662–1666; discussion 1667–1668

42 Schuchert MJ, Pettiford BL, Keeley S, et al. Anatomic segmentec-
tomy in the treatment of stage I non-small cell lung cancer. Ann
Thorac Surg 2007;84(3):926–932; discussion 932–933

43 Koike T, Yamato Y, Yoshiya K, Shimoyama T, Suzuki R.
Intentional limited pulmonary resection for peripheral T1 N0
M0 small-sized lung cancer. J Thorac Cardiovasc Surg 2003;
125(4):924–928

44 Campione A, Ligabue T, Luzzi L, et al. Comparison between
segmentectomy and larger resection of stage IA non-small cell
lung carcinoma. J Cardiovasc Surg (Torino) 2004;45(1):67–70

45 Martin-Ucar AE, Nakas A, Pilling JE, West KJ, Waller DA. A case-
matched study of anatomical segmentectomy versus lobectomy
for stage I lung cancer in high-risk patients. Eur J Cardiothorac Surg
2005;27(4):675–679

46 Iwasaki A, Hamanaka W, Hamada T, et al. Comparison between
a case-matched analysis of left upper lobe trisegmentectomy
and left upper lobectomy for small size lung cancer located
in the upper division. Thorac Cardiovasc Surg 2007;55(7):
454–457

47 Shapiro M, Weiser TS, Wisnivesky JP, Chin C, Arustamyan M,
Swanson SJ. Thoracoscopic segmentectomy compares favorably
with thoracoscopic lobectomy for patients with small stage I lung
cancer. J Thorac Cardiovasc Surg 2009;137(6):1388–1393

48 El-Sherif A, Gooding WE, Santos R, et al. Outcomes of sublobar
resection versus lobectomy for stage I non-small cell lung cancer: a
13-year analysis. Ann Thorac Surg 2006;82(2):408–415; discus-
sion 415–416

49 Watanabe Y, Shimizu J, Oda M, Hayashi Y, Watanabe S, Iwa T.
Results of surgical treatment in patients with stage IIIA non-
small-cell lung cancer. J Thorac Cardiovasc Surg 1991;39(1):
44–49

50 Grunenwald DH, Mazel C, Girard P, et al. Radical en bloc resection
for lung cancer invading the spine. J Thorac Cardiovasc Surg
2002;123(2):271–279

51 Mitchell JD, Mathisen DJ, Wright CD, et al. Resection for broncho-
genic carcinoma involving the carina: long-term results and effect
of nodal status on outcome. J Thorac Cardiovasc Surg 2001;121
(3):465–471

52 Pitz CC, Brutel de la Rivière A, van Swieten HA, Westermann CJ,
Lammers JW, van den Bosch JM. Results of surgical treatment of T4
non-small cell lung cancer. Eur J Cardiothorac Surg 2003;24
(6):1013–1018

53 Osaki T, Sugio K, Hanagiri T, et al. Survival and prognostic factors of
surgically resected T4 non-small cell lung cancer. Ann Thorac Surg
2003;75(6):1745–1751, discussion 1751

54 Martini N, Flehinger BJ. The role of surgery in N2 lung cancer. Surg
Clin North Am 1987;67(5):1037–1049

55 Albain KS, Rusch VW, Crowley JJ, et al. Concurrent cisplatin/
etoposide plus chest radiotherapy followed by surgery for stages
IIIA (N2) and IIIB non-small-cell lung cancer: mature results of
Southwest Oncology Group phase II study 8805. J Clin Oncol
1995;13(8):1880–1892

56 Kim AW, Liptay MJ, Bonomi P, et al. Neoadjuvant chemoradiation
for clinically advanced non-small cell lung cancer: an analysis of
233 patients. Ann Thorac Surg 2011;92(1):233–241; discussion
241–243

57 Albain KS, Swann RS, Rusch VW, et al. Radiotherapy plus chemo-
therapy with or without surgical resection for stage III non-small-
cell lung cancer: a phase III randomised controlled trial. Lancet
2009;374(9687):379–386

Seminars in Interventional Radiology Vol. 30 No. 2/2013

Surgical Management of Lung Cancer Lackey, Donington 139

T
hi

s 
do

cu
m

en
t w

as
 d

ow
nl

oa
de

d 
fo

r 
pe

rs
on

al
 u

se
 o

nl
y.

 U
na

ut
ho

riz
ed

 d
is

tr
ib

ut
io

n 
is

 s
tr

ic
tly

 p
ro

hi
bi

te
d.



58 Harpole DH Jr, DeCamp MM Jr, Daley J, et al. Prognostic models of
thirty-day mortality and morbidity after major pulmonary resec-
tion. J Thorac Cardiovasc Surg 1999;117(5):969–979

59 Licker MJ, Widikker I, Robert J, et al. Operative mortality and
respiratory complications after lung resection for cancer: impact
of chronic obstructive pulmonary disease and time trends. Ann
Thorac Surg 2006;81(5):1830–1837

60 Dominguez-Ventura A, Cassivi SD, Allen MS, et al. Lung cancer in
octogenarians: factors affecting long-term survival following re-
section. Eur J Cardiothorac Surg 2007;32(2):370–374

61 Yim AP, Izzat MB, Liu HP, Ma CC. Thoracoscopic major lung
resections: an Asian perspective. Semin Thorac Cardiovasc Surg
1998;10(4):326–331

62 Kaseda S, Aoki T, Hangai N. Video-assisted thoracic surgery (VATS)
lobectomy: the Japanese experience. Semin Thorac Cardiovasc
Surg 1998;10(4):300–304

63 Roviaro G, Varoli F, Vergani C, Maciocco M. Video-assisted
thoracoscopic surgery (VATS) major pulmonary resections: the
Italian experience. Semin Thorac Cardiovasc Surg 1998;10(4):
313–320

Seminars in Interventional Radiology Vol. 30 No. 2/2013

Surgical Management of Lung Cancer Lackey, Donington140

T
hi

s 
do

cu
m

en
t w

as
 d

ow
nl

oa
de

d 
fo

r 
pe

rs
on

al
 u

se
 o

nl
y.

 U
na

ut
ho

riz
ed

 d
is

tr
ib

ut
io

n 
is

 s
tr

ic
tly

 p
ro

hi
bi

te
d.


